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SUBJECT: O r b i t a l  A l t i t u d e  Conslderat:ons 
f o r  AAP-4 - Case 600-1 

DATE: A p r i l  5, 1.967 

FROM: V. J. E s p o s i t o  

ABSTRACT -- 

The c u r r e n t  AAP-3/AAP-4 d u a l  renciezvous m i s s i o n  c a l l s  

I n  t h l s  memorandum other alterr;aLi'Tve a 1 . t f t u d . e ~  
for a n  i n i t i a l  i n j e c t i o n  a l t i t u d e  o f  21.19 nm f o r  t h e  LPI/ATPil 
(AAP-4). 
r a n g i n g  frc;rn 130 t:, 21tC nm a r e  examined. t o  see what improve- 
ments l.n t o t a l  m i s s i o n  payload might  be  ach ieved  by lower ing  
t h e  AAP-4 i n i . t i - a I  a i t i i u d e .  

The n e t  payload  i n c r e a s e s  a s  the  AAP- j j  a l t i t u d e  i.s 
lowered w i t h  the 130 nm a l t i t u d e  showinz a maximm payload 
ga?n o f  7390 l b s .  Comparative t a b u l a t i o n s  o f  t h e  payload 
var i  a t j  2n 2nd p r 5 p e l l ~ 1 n t  reqiii r w n e r i i s  a r e  ~~3 ver i J  sild a p3 a t  
o f  t o t a l  payload  v s .  i n i t i a l  AAP-4 a l t i t u d e  i s  shown. 

Other  f a c t o r s  t h a t  i n f l u e n c e  t h e  s e l e c t i o n  of' t h e  
optimum i n i t i a l  a l t i t u d e ,  such a s  rendezvous  phas ing ,  p r o -  
pe!.lant tankage  c a p a c i t y ,  and payload  t r a n s f e r  from AAP-3 to 
AAP-4, a.re menti-oned bu.t not d i s c u s s e d  i n  detaj-1.. 
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SUBJECT: O r b i t  a 1 A 1 t i  t u d e  Consi de ra  t i o  ns DATE: A p r i l  5, 1967 
for AAP-4 - Case 600-1 

FROM: V. J .  E s p o s i t 3  

MEPllORANDUM FOR FILE - ---- 

I n  i t s  c u r r e n t  c o n f i g u r a t i o n ,  t h e  AAP-3/AAP-LI d u a l -  
rendezvous m i s s i o n  c a l l s  for t h e  t h r e e  space  v e h i c l e s  i n v s l v e d  
to be s i t u a t e d  i n i t i a l l y  i n  c i r c u l a r  orbits a t  t h e  f o l l o w i n g  
a I ti t u d e s  : 

CSM (AAP-3) 120 n a u t i c a l  m i l e s  
LM/ATM (AAP-4) 240 n a n t i c a l  miles 
O r b i t a l  Workshop (AAP-2) 250 n a u t i c a l  miles 

From t h i s  s e t  of i n i t i a l  c o n d i t i o n s ,  t h e  CSM f i r s t  
t r a n s f e r s  to a 230 nm o r b i t  and t h e n  -rendezvous w i t h  t h e  
12vq,/rSTr!:, the  f i i i a i  gap c)_i) 10 mi1.e. betv!eeeln~ t h e  yvrzl-,ic?ez be: ~g 
c l o s e d  d u r i n g  t h e  rendezvous maneuver. A f t e r  a n  a p p r o p r i a t e  
phase  adJus tment ,  t h e  CSM/LM/ATM combina t ion  e n t e r s  a n  e l l i p -  
t i c a l  equ-i-per iod o r b i t  u n t i l  t h e  p r o p e r  t ime for t h e  f ? n a l  
rendezvous w i t h  t h e  O r b i t a l  Workshop ( O W S ) .  T h i s  f i n a l  
maneuver i s  accomplished by the two v e h i c l e s  i n d l v i d u a l l y ,  
w i t h  first t h e  LM/ATM and then  t h e  CSM c l o s i n g  t h e  10 m i l e  
gap  f r o m  24-0 to 250 m d u r i n g  rendezvous .  

I n  c o n s i d e r i n g  t h e  s e t  of i n i t i a l  c o n d i t l o n s  t a b u l a -  I 

t e d  above, t h e  f o l l o w i n g  p o i n t s  can  be no ted :  

1. The O r b i t a  1 Workshop a l t i t u d e  of approxi ina tc ly  
250 nr i s  f i x e d  by t h e  pa rame te r s  of t h e  p r e -  
v i o u s  AAP-2 f l i g h t  and t h e  t ime o f  t h e  AAP-3 
launch.  An i n i t i a l  a l t j t u d e  of  260 nm h a s  been 
s e l e c t e d  for t h e  AAP-2 f l i g h t ,  and d u r i n g  the 
c u r r e n t l y  p lanned  six-nionth t ime l n t e r v a  1 
between AAP-2 and AAP-3 t h e  OWS 2 r b i t  c a n  be 
expec ted  to decay approximate ly  10 nm t o  t h e  
250 nm a l t i t u d e  shown h e r e .  

2. The i n i t i a l  CSM (AAP-3) c i r c u l a r  o r b i t  a l t i t u d e  
i s  a l s o  f i x e d  a t  a rninlmum of 120 nrr~, based on  
o r b i t a l  l i fe t ime c o n s i d e r a t l o n s  f 3 r  t h e  mrissicn. 
Cur rcn t  m i s s i o n  p lhnn ing  for t h e  AAP-3/AAP-4 
d u a l  f l i g h t  c a l l s  for t h e  CSM to be p l aced  i n  
a s  low a n  o r b i t  a s  p o s s i b l e  (to permi t  t h e  
maximurn u s e f u l  i n - o r b i t  pay load)  b u t  that t h e  
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l i f e t i m e  of t h e  i n i t i a l  CSM o r b i t  be s u f f i c i e n t  
to a l low for.  a ane  or two day d e l a y  i n  t h e  l aunch  
of t h e  t a r g e t  v e h i c l e ,  AAP-4. 

3. The i n i t i a l  AAP-4- (LM/ATM) c i r c u l a r  o r b i t  a l t r i -  
t u d e  of 240 nm does n o t  r e f l e c t  e i t h e r  of  t h e  
above mentioned c o n s t r a i n t s .  T h i s  compara t ive ly  
h igh  i n i t i a l  a l t i t u d e  does  make t h e  problem o f  
p r o p e r  rendezvous phas ing  between t h e  CSM and 
LM/ATM somewhat e a s i e r  to r e s o l v e ,  s i n c e  t h e  
errors i n  phas ing  caused by i n i t i a l  l aunch  d e l a y s  
can  be made up d u r i n g  t h e  h e i g h t  ad jus tmen t  maneu-. 
vers whl.ch r a i s e  the CSM from 1.213 to 230 m- i n  
a l t l  t u d e .  An a d d i t i o n a l  advantage  of o p e r a t i o n a l  
s i m p l i c i t y  i s  a l s o  i n h e r e n t  i n  t h e  240 nm LN/ATM 
o r b i t ,  s i n c e  no major h e i g h t  ad jus tmen t  maneuvers 
a r e  r e q u i r e d  f o r  t h e  CSM/LTd/ATM combina t ion  between 
t h e  i n i t i a l  rendezvous of t h e  CSM w i t h  t h e  LN/ATM 
and t h e  f r ina l  i n d i v i d u a l  rendezvous a t  t h e  0WS. 
These advan tages  i n  rendezvous phas ing  and o p e r a -  
t i o n a l  s i m p l i c i t y  a r e  galfied, how eve^^ a t  tiie 
expense of t h e  t o t a l  psy load  d e l i v e r e d  t:, t h e  OWS. 

I n  o r d e r  t o  de t e rmine  what improvement 3-12 tot2.1. paylDad 
mi.ght be achieved  by u s i n g  an  i n i t i a l  AAP-4 a l t i t u d e  o f  other .  
t h a n  2110 nm a s impl . i f ied  two-b3dy a n a l y s i s  o f  s e v e r ~ 1  s e l e c b e d  
a l t e r n a t i v e s  was c a r r i e d  s u t .  Keeping t h e  i n i t i a l  CSM and t h e  
OWS altitudes f i x e d  a t  120 and 250 nm, r e s p e c t i v e l y ,  t h z  :E- 
j e c t i g n  a l t i t u d e  for t h e  LM/ATM (AAP-4) was v a r i e d  from the 
i n i t i a l  l e v e l  o f  240 m i l e s  down to a minimum o f  130 miles3- i n  
f o u r  steps. For each  of t h e s e  s t e p s ,  t h e  AAP-il i n j e c t i s 1 1  pay- 
load was i .ncreased t o  t h e  maximum c a p a c i t y  of' t h e  u p r a t e d  S a t u r n  
I l aunch  v e h i c l e  and t h e  necessa ry  maneuvers were c a l c u l a t e d  t o  
a c h i e v e  t h e  f i n a l  d e s i r e d  c o n f i g u r a t i o n  a t  250 m i l e s .  

A compara t ive  t a b u l a t i o n  of t h e  f i v e  c a s e s ,  i n c l u d i n g  
t h e  o r i g i n a l  240 nm m i s s i o n  and showing t h e  t o t a l  pay1oad.s a t  
v a r i o u s  c r i t i c a l  p o i n t s  i n  t h e  mis s ion ,  i s  p r e s e 2 t e d  i n  Tab le  1. 
Tab le  I1 shows t h e  combined SPS and RCS f u e l  expended d u r i n g  each  
phase .  

A p l o t  o f  t h e  v a r i a t i o n  i n  t o t a l  payload  a t  O W  a l t i -  
t u d e  vs .  t h e  i n i t i a l  AAP-4 i n j e c t i o n  a l t i t u d e  i s  g i v e n  i n  Figure 
I. T h i s  curve ,  as a n t i c i p a t e d ,  e s s e n t i a l l y  p a r a l l e l s  ( w i t h  a n  
a p p r o p r i a t e  change i n  s c a l e )  t h e  cu rve  for u p r a t e d  S a t u r n  I 
payload  c a p a b l l i t y  a s  a f u n c t i o n  o f  a l t i t u d e .  

*130 nrn was s e l e c t e d  a s  a lower l i m i t  to a l low a nominal l0-m-i.le 
d e l t a  h f o r  CSPI rendezvous w i t h  t h e  LM/ATM. 
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Not a l l  o f  t h e  a d d i t i o n a l  AAP-4 weight  can  be 
cons ide red  a s  a n e t  g a i n ,  of  c o u r s e ,  s i n c e  a p o r t i o n  o f  t h i s  
i n c r e a s e  i n  payload  i s  o f f s e t  by t h e  a d d i t i o n a l  SPS p r o p e l l a n t  
t h a t  must be c a r r i e d  on t h e  CSM (AAP-3)  i n  o r d e r  to l i f t  t h e  
combined CSM/LM/ATI\I t h e  e x t r a  d i s t a n c e  to t h e  O r b i t a l  Workshop. 
N e v e r t h e l e s s ,  each  lower ing  o f  t h e  AAP-4 i n j e c t i o n  a l t i t u d e  
r e s u l t e d  i n  a s i g n i f i c a n t  ne t  payload  i n c r e a s e  f o r  t h e  f i n a l  
c o n f i g u r a t i o n  a . t  OWS a l t i t u d e .  The maximum payload was ob- 
t a i n e d  by using, t h e  lowes t  AAP-4 a l t i t u d e  o f  130 m i l e s .  

I n h e r e n t  i n  t h i s  concept  of  i n c r e a s i n g  t h e  AAP-1! 
pay load  i s  t h e  requi rement  that a t  l e a s t  some p o r t i o n  o f  t h e  
o r i g i n a l  AAP-3 payload be s u i t a b l e  f o r  t r a n s f e r  to t h e  AAP-4 
vehyc le ,  s i n c e  an-amount equa l  to t h e  weight  o f  t h e  a d d i t i a n a l  
SPS f u e l  r e q u i r e d  must be removed from AAP-3. 

i n g :  

1. 

2. 

2 - / *  

A number o f  s i m p l i f y i n g  assumpt ions  and p r o p e l l a n t  
e x p e n d i t u r e  e s t i m a t e s  were r e q u i r e d  i n  order to s t r u c t u r e  each  
a l t e r n a t i v e  m i s s i o n  r e a l i s t i c z l l y .  These inc l i jded  t h e  follow- 

-- The 3.ates'c a v a i l a b l e  d e l t a  v a n d  pi7,- A ape 1 l a  ni; 
r e q u i r e m e n t s  f m m  a p p r o p r i a t e  MSC/MPAD memo- 
randa" were used a s  a base  f o r  a1.1 e s t i m a t e s .  
I n  p a r t i c u l a r ,  t h e  ' ' cor i t rol"  c a s e  o f  240 run 
was c a l c u l a t e d  f i r s t  to p r o v i d e  a y a r d s t i c k  f o r  
t h e  succeed ing  c a s e s .  

D e l t a  V requi rements  f o r  t h e  numerous 10-m-ile 
d e l t a  h rendezvous s i t u a t i o n s  were s c a l e d  
l i m a r l y  from t h e  amounts r e q t i !  red T o r  tile 

c o n t r o l "  case o f  2110 ma. Variat ioi- is  11-1 
weight  a s  well a s  v a r i a t i o n s  i n  a l t i t u d e  were 
accounted  f o r .  

I I  

No a t t e m p t  was made to e s t i m a t e  a d d i t i o n a l  pro-  
p e l l a n t  requi rements  to cove r  rendezvous and 
docking d i s p e r s i o n s  or a d d i t i o n a l  phas ing  ma-- 
neuver s  t h a t  might be  r e q u i r e d .  Where t h e  
o r i g i n a l  MPAD f i g u r e s  f o r  t h e  240 rim c a s e  con- 
t a i n e d  some a l l awances  f o r  d i s  e r s l o n ,  t h e s e  
were i n c l u d e d  ( p r o p e r l y  s c a l e d  P i n  a l l  c a s e s .  

It i s  recognized. that many f a c t o r s  i n  a d d i t i o n  to 
f i .na1 t o t a l  payload  m u s t  be  cons ide red  i n  s e l e c t i n g  t h e  o r b i t a l  
a l t i t u d e s  to be used f o r  t h i s  dua l - rendezvous  mis s ion .  For 

-- 
*-M=AD Memorandum 67-FM14-9 d.ated February  14, 1967 
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example, t h e  probabi  l i t y  o f  launch d e l a y s  and t h e i r  subsequen t  
ef€fects on rendezvous phas ing  maneuvers must  be  c o n s i d e r e d .  
Also, a s  noted  e a r l i e r ,  t h e  i n c r e a s e d  AAP-4 payload  c a n  only  
be ga ined  at t h e  expense o f  a s l i g h t  r e d u c t j o n  i n  t h e  A A P - 3  
pay load;  and t h i s  w i l l  r e q u i r e  t he  t r a n s f e r  o f  some o f  t41e 
o r i g i n a l  payload from AAP-3 t o  AAP-4. F i n a l l y ,  t h e  i n c r e a s e d  
LIJI/ATM wejght  means a n  i n c r e a s e d  IA RCS p r o p e l l a n t  budget  for 
t h e  LM/OWS rendezvous,  which may s t r a i n  or exceed t h e  Li4 t ankage  
c a p a c i t y .  

192 1.-VJE- j vd 
At tached:  

Tab le s  I and I1 
E'Tgure 1 

Copy t o  
PIessrs. 3. Cohen - NASA/NLR 

J .  €I. D i she r  - NASA/MLD 
J .  A. E d v ~ s r ~ t j s  - Iu'ASAhTiG 
L, IC. Fero - NASA./J!ILV 
J .  P.  F i e l d  - NASA/MLP 
W .  D. Green - NASA/MLA 
T. A .  Keegan - NASA/MA-2 
C .  W.  Plathews - NRSA/ML 
M .  Savage - NASA/MLT 
W. B. T a y l o r  - NASA/MLA 

D. 3.  Hagner 
W. C .  H i t t i n g e r  
B. T. Howard 
J .  Z. h'Ienard 
I .  D. Neharna 
I .  M. Ross 
T. H.  Thompson 
R.  L. Wagner 
D i v i s i o n  101 S u p e r v i s i o n  
D i v i s i o n  102 S u p e r v i s i o n  
All Members Depts.  1021, 1022 and 102LC 
Department 1023 
C e n t r a l  F j l e  

b r a  r y  



TABLE I 

Miss ion  _I__ Even t s  

CSM i n  1 2 0  nm c i r c u l a r  
o r b i t  

LM @ i n j e c t i o n  a l t i t u d e + +  

CSI\l/LM-AT'M t o t a l  a f t e r  
1 s t r e  11 de z v o u. s 

CSM/J~N-AT'M i n  e q u l  -period 
o r b  3. t 

CSM f i n a l  @ 314s 

Tot; al p a y l o a d .  Z OidS 

Net p a y l o a d  i n c r e a s e  o v e r  
240  nm case 

2 4 0  -- 

35677 

336 82 

24180  

57862 

57862 

5 71.72 

32405 

23632 

56037 
. 

212.5 

35677 

33969 

26450 

59 855 

185 i 1 5 2 . 5  
1 

! 
35677 35677 

34286 

28950 

63236 

62077 

613'11: 

31817 

28324 

5 7 9 7 7  60141 

t ~ I 1 0  4 

66083 

64134 

G 79 81. 

65447 

* A f t e r  d e d u c t i n g  5550 l b s .  for SLA, S-IVB m o d i f i c a t i o n s ,  and 
Nosecap .  



(D 
3 
ct 
UI 

J 
P. 

c 
II m 



. . .  'r 

! 

~ _ -  
I 

I 

I 
I 

I 

. .  
I ,  

! i  

8 ,  

, ,  

! I  

, 
1 

i . . . 
' ,  

.... 

! 
I 

I 
............. ._ 

I , '  

I 

, j - ; -  I ~. 
! ....... -. 



4 ,  

. . '  , BELLCOMM, INC. 

, 
DI STR lBUTl ON 

COMPLETE MEMORANDUM TO - 

C O R R E S P O N  U E N C E  F I L E S :  

O F F I C I A L  F I L E  C O P Y  

p l u s  one white copy for each 
addi t ional  case referenced 

T E C H N I C A L  L I B R A R Y  ( 4 )  

HEADQUARTERS 

Messrs. L. X. Abernethy/MO 
R. 0. Aller/MO 
G. R. Blitch/MO 
J. K. Hol ccjmb/MO 
F. E. Stout/MO 
T. A. 'Keegan/MA 

MSC 

Messrs. H. D. 
J. R. 
M. P. 
M.. V. 
C. H. 
J. R. 
E. J. 
R. J. 

Beck/FM5 
ElkiFM5 
Frank / FM 5 
Jenkins/FM 
P e r r ine i PPI 
SevierfiM3 
Svrce k/FM5 
Ward/PM2 

MSFC 

Messrs. J. W. Cremin/R-AERO-DAP 
R. C. Lester/R-AERO-DAM 

TM- 67-2013-4 

COMPLETE MEHORANDUM TO 

BELLCOMM 

Messrs. D. R. Anselmo 
C. Bidgood 
A. P. Boysen 
J. 0. Cappellari 
C. H. Eley 
D. R. Hagner 
P. L. Havenstein 
W. C. Hittinger 
B. T. Howard 
B. Kaskey 
W. D. Kinney 
J. L. Marshall 
IC. E. Martersteck 
J. Z. Menard 
V. S. Mummert 
I. D. Nehama 
B.. G. Niedfeldt 
I. M. Ross 
R. V. Sperry 
T. H. Thompson 
R. L. Wagner 

All Members, Department 2013 
Department 1923 


